Abstract-The first aim of the present study was to determine the influence of different parameters such as age, gender and root formation on the long-term success rate of autogenously transplanted canines. Out of 133 patients, who had undergone canine transplantation during the period of 1995 to 2002, 60 patients volunteered to participate in this study. The follow-up period varied from 6 to 13 years with a mean follow-up time of 11 years. Of the 74 teeth transplanted in the 60 patients, 18 teeth were lost resulting in a survival rate of 75.7%. The remaining 56 canines were clinically and radiologically evaluated. The long-term success rate was 58.1%. Logistic regression analyses were performed. In multivariate analysis only age had a significant influence on the success rate.
I. INTRODUCTION
Autogenous tooth transplantation can be defined as the surgical movement of a tooth from one position in the mouth to another in the same individual. Although there are many reasons for autotransplantation of teeth, the most common indication is tooth loss. Teeth can be congenitally missing or lost due to incurable trauma, dental caries or periodontal diseases. Most frequently, a third molar is transferred to the site of an unrestorable first molar. Moreover, autotransplantation is also applied for repositioning of impacted teeth to their normal position (transalveolar transplantation). A tooth is called impacted when it fails to erupt properly due to obstruction by another tooth, bone or soft tissue. Autotransplantation of impacted canines is considered as an alternative when surgical exposure and orthodontic realignment are not feasible. Impacted third molars are transplanted to substitute for first or second molars [1] .
Success of autotransplantation of teeth depends on several factors, including the age of the patient, the stage of root development, the type of donor tooth, surgical trauma during graft removal and storage after removing the graft. The most important factor that influences the success rate of autotransplanted teeth is the vitality of the periodontal ligament attached to the donor tooth. The periodontal ligament is a group of specialized connective tissue fibres that connects the tooth to the alveolar bone. During the surgical procedure of autotransplantation, the donor tooth is extracted and the extracted donor tooth itself is used to contour the recipient alveolar bone in order to fit the donor tooth. This procedure causes two problems. First, the viability of the periodontal ligament cells might be injured biochemically due to various extra-oral conditions. Although there is no critical margin for the extra-oral time, it is obvious that shorter extra-oral time is favourable for the survival of the periodontal ligament. Secondly, cells of the periodontal ligament can be damaged mechanically during a number of trials for fitting into the bone socket. When a donor tooth with partial or total lack of vital periodontal ligament is transplanted, root resorption occurs. Root resorption is the major reason for transplant failure [2, 3] .
Literature contains only a few follow-up studies about long-term results of transplanted canines. However, to document the lifelong survival of transplanted teeth in children and adolescents long follow-up periods are needed. For this reason, the first aim of the present study was to determine the influence of different parameters such as age, gender and root formation on the long-term success rate of autotransplanted canine. The second aim was to perform a prospective study in order to optimize the protocol for the production of a tooth transplantation template.
II. MATERIAL AND METHODS

A. Retrospective study
A total of 133 patients (166 canines) had undergone canine transplantation during the period of 1995 to 2002. Considerable efforts (letter, phone call …) were made to contact these patients because of the long-term period since their operations. The survival rate was defined as the percentage of transplanted teeth still present at the examination relative to the total number of teeth that were transplanted. From the patients who were willing to participate in this study baseline information was looked up in their files. All parameters which could influence the outcome of transplantation were noted (Table 1) . Moorrees' classification for the developmental stages of roots was used as a basis to estimate the stage of root development of each transplanted tooth at the time of transplantation [4] . For this purpose, previous radiographs were observed. It was not always possible to document the condition of the root and apex of impacted canines. Each transplanted tooth was clinically and radiologically assessed by the same examiner in order to determine the success rate. As part of the clinical evaluation of the transplantations tooth mobility, colour, pocket status, gingival inflammation and pulp vitality were scored. Furthermore periapical films, panoramic radiographs and cone-beam computed tomography (CBCT) images of all transplanted teeth were taken. Together these three image techniques made it possible to evaluate root resorption, pulp obliteration and lamina dura formation. The success rate was calculated as the percentage of clinically successful transplantations relative to the total number of transplantations. Clinically successful transplantation was achieved when the transplanted tooth was still present in the mouth without any patient complaints but possible with transient root resorption or endodontic treatment. When the transplanted canine showed progressive root resorption, pathological pockets, extensive loss of alveolar bone or an apical inflammation the transplantation was defined as clinically unsuccessful.
The Kaplan-Meier method was used to estimate the survival probability of autogenously transplanted canines over a period of 14 years. Multivariate logistic regression models were fitted in order to analyse the relative involvement of the various parameters in the success rate of autotransplantation.
B. Prospective study
The material of the prospective study consists of 6 dry human skulls, which were obtained with approval from the Institute of Biomedical Research (BIOMED, University Hasselt, Belgium). The skulls were placed in a plastic box filled with water to simulate soft-tissue and then scanned with the cone-beam device Galileos (Sirona, Bensheim, Germany). From the human skulls, ten molars were randomly chosen to segment. After extraction, these molars were scanned again with the same scanning parameters (85kV, 7mA, 15cm FOV). The software program Amira 4.0 was used to segment the tooth with thresholding, while ITK-SnAP 1.6 was applied to segment the tooth with region-based or edge-based algorithms. The different segmentation methods were performed on both the 3D image of the tooth in the maxilla and on the 3D image of the extracted tooth. Using the Amira software the surfaces of the two images, segmented with the same method, were aligned and the surface distance between them was calculated. In addition, the time needed to segment the tooth from the maxilla was noted down for each segmentation method. A paired t-test was performed to determine if there was a significant difference in surface distance and segmentation time between the different segmentation methods. Finally, the selected segmentation method was used for implementation in a case study. For fabrication of the template, the 3D digital data were outsourced to SKM
